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^ Ox—/ \ / <;U^Cu J|Jg( atomsXcm^) 

A. ..CU CONCENTRATION IN COLLECTED LIQUID (ppt) 

B. ..BULK Cu CONCENTRATION IN WAFER ( atoms/cirr ) 



(57) Abstract: A method for evaluating the concentration 
of metallic impurities in a silicon wafer, characterized in 
that concentrated sulfuric acid is dropped onto a silicon 
wafer, metallic impurities forming a solid solution in 
the silicon wafer are extracted into the sulfuric acid, and 
the metallic impurities in the sulftiric acid is chemically 
analyzed. Conventionally, there has been a problem, in 
addition to how to improve the sensitivity of the analyzer, 
how to extract a metal contained in silicon to the surface 
and to collect it in order to evaluate the metal in a silicon 
bulk with good sensitivity. The present invention has solved 
the conventional problem. 



wo 01/55716 Al IflAllllllllllllilillllllililiin 



(57) Hft): 



wo 01/5571 6 



1 



PCT/JPOl/00301 



m m m 

>y 7- «y 5^ > ^7' ^£ ^ Dg> (i' n § If flffi ^ 7i § „ C n {i V U r7 > - y N © 

* ^ ^ - — ^ii^ W ffl S ^ h a :b n -g) ^ ffi 4> ^ S o Z.f\.\X'y')Ziyt>:i- — )\^m^ 

*: L . ® iR ?^ ^^rr ^ g c ^ M >"> W -r -2. ^ § „ 

c n ^ © ;j ^£ ct T f# ?> n /i (I? M ^ [u] JR CD 5> Iff {i . -7 b - A u X ill ^ qft 
7t rr ^ ( a T . A A S ^ 1- ) ^ 3^ i5 jjiS r ^ X V K S 5^ Iff ^ S ( T\ I 
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C P - M S t^-T) ^j: i:' O 7/ rr ^ g B^j iz I > ^ n T I ^ 5 . 

^tz. V 'J 13 > :n - y Mfi (Z) ^ ^ il fdf, ^ § (7^ e I ^ 7b-^ . ft X fi ^ 

ffl L /i M rt' ® ^« 5: . m^&^rr t ^ fj mtji f t)-^ ^ ^ n ^ o 
t$ o )P ?ji T- ii . ^W^If<:®rtf#i5Jl J«t^*^ 6 ^ ifJ P/i ± ic ^ :^ ^ ^ 
g i: L . ^tiX D^j M ® ^ -y dp A> :^ ^ < ^d: i> n] tH4 /j^ ^ . m x. ii" -> 'J o 
>'^^-'''Pi^Cut'^ 1 X 1 0 ' -'at o m s / c m S nr l> -5,Jii>. 

f^W-r ^ w fi^ ^cC ^ ^ Iff -r ;5 ^ If? ^ ri u6 0 . Ipp 

^ (75 ±s ^ , li I^S © IKV ffl V ^ e) ti -5 # ;u >y Ttt ^ , 51^ Sl^ CD if i« ^ ® 7^ ^5 . 
o ^ ^ M ffi fg A *5 # ^ n . ^f!'J *f -i:- T L 4; i*4 I ^ 4) (7) c (i ;^ o ^- o 
iS^. :^ u - A u ^jgfT-nA^^^Df (AAS) ^ B i« r ^ x v ^ _M ^> Iff 

^@ (I c p -M s ) 7^ t'(Di^^n'^mojfS^!i^u^ p p t u-'^jicDmiSi^t^ir u 

Ti^§<, -^'^^-ffl^^^^s^^-A^:;^jJI^-pai^^lff^gr-^l1|2i^^^^^r^Xv 
M a rr ^ g .1:- © &g ii . f^^J ;l (i C u o I ^ T 7 U - A I. X i;^ ? n& >t Iff ^ ffl 

(ii 0 0 ppt. mn^^-^r^ x-^mm^m'j^m-^ ij i pp t^mx-$>^o 

iR -r § ;?)^ fjg M T* ^ § o 

1 ^ S ^ ^ ^ r :c >y ^ > /7- 7^ ^- © ^ C u ^ 9- Iff 1- -S (3 ii . 
W ^ ^ ^ ffl /i ^ ^ . U > 7!)^ (7) [fj] iR < . 5^ |ii (i >') zi > 

:jz-,Mpiz 1 XI 0 ^ ^ ~ 1 6 a t oms/ cm^ i:X±(DCui^^^^nri^tj:i.t 
^Iff T- ^ /b^ o o 

S(3#S(i*S 0 ^-r < (i § 4; (7)©. r^^^J^tc;Jf D > S K - ^ L ffi |n > 
\) Zt y ry . - ^^ ^ ffii 1^ -r -S ( -^7 :r - m ^ ® i; ffi « ^ tl i, ) 

#S®*iJi^ (y ^ ij > //-.j^^j) uT-^niS. 0. 1 % i: lFliK4" •; . 

^Tz. mnA (m 6 5 o°cii^) X CD m iz X ^ Tz -^^j tj;:^ fji ^^j-^-^ ^n^. 
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^ (D :fj ^ i) IZ it > =1 y ^ — M {z 1 x l O '^^^ ^at oms/ 
c m '-^ i:i ^ nx I: ^ rt r- ^ t)^ ^ fz o 

(DC u^^mr =bizitmm^miiLi^^m\^^rzmmmtj:t'^^ti:;f3^i)^i^m$ti^ 
ti:t\ M-mmmtixrfumffoiz±m:b^ ^ x$) ^tz. ^tz. ztiii$) < ^xmm^ 
(D^m(Dmmx'$> 'D . n^mttj: =b iy v o > o :xL — ^-Mpo)^.m^u^(Dmj^ 

IE 6t *E H ^ ^ © T- {i ^^ o 

± IB @ ii J5jc § . ZCO^BMit. >' 0 n > — ^ 

-^^[^i^izmmi^xi^ ^^m^m^^mm^im^^zmmi.. mm^m^(D^mr- 

^ tirz^mit/^)i ^ m^izMJiii&mLxn < ^f^'pta < s ^^m^oiz^ ji~ 

iz tjM m t ^ m X ^ ^ o ^Tz . 0 — .^^mmcD^titi: t ^^sz. L-^ 1^ < uj 

mi^mizit. m66iy V zi > 'y :c - ;\ ^ ^iz m^^ L X i ^ mmm^]^ 

izi^ti!,t^y5^li.mM>'0::i>'y:!^ — J\mmizBM(DAcDm^m^mTLrz'ik. 

psx ^ :^-^^±i^^mmm^ ^ z tiz X Dtj^-5o 
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C ct -5 i-: <G iii (7) fj; I ^ i — y N -e -^f; i\ CD !i . m r L fz M ^lM ^ :l - ± 

[S iz tij -■ i; D ^ -r < 1- &^ T- o s /i , m ?{' fu^ ,^ gf, ;^)' t', .-^ -^'g 

* /; ?R 1!^^ 1- § O ^ W ^ . S ^ t* ^ fift- tt'; -r § /; -C' -t; ^ -i, „ 

o T . - ® cfc e> © ;R flS[ ^ ^ p/j ± t" ^ (ft ffl u 6 n -5 i|i (7) L ^ 

^ - /^ ( ffl (7? -Ti - /^ h I ^ O Z i: ^ ^ ) (7) . PS ^ ^ tL i> 4; CD -C' 

(i < 5 5$ ^ ,7 ^ ffl I ^ T ^ 5j fj^ T- cfc 5, „ L L . m m.m CO iy- ^ tj: ^ ^ ^ 

T ^ t V ZJ > ry x.-j\^ Ulz:r. y ^ :y ^'IJli^^ tlfzm^h'i'O 'y ^ — ^-^ ( C W 

:t - y N i: I ^ -5 z h 7!)^ § ) Jf] I ^ S i: . ^ - ^^ rj^ tfij tc it; -• ^ jLu 0 

S L , ^ !3 n m (7) #J ffl ,S T- 2o o „ * /i C W ji. - y ^ ^ ^ , § ^ 

D . Ftoi^ftftSS [z cfc mJ^I L T ^" < Jv t C W — y n r|i co fiZHT^i^^ ^ M •[ 
-r ^ T- # . >^ © C W rix :n - ;n e ffi ® -i; a: - y N ^ (7) -^/j ( ^ /; fi C W ^ 

^ - .'-^ i ms^im ^ CD ut ) jj t mt'x- ^ . mm m is ^±if ^ m t- 

^ ^ o S . n © ^ - y N ^ ^ 4, -^.^ r^J 5 O 1^ < , :i CO ft ffl (7) r> J, _ , 

iz ^ T- * -5 o 

ttjgdM^iltt. 1 0 0°C~ 2 9 0 °C(Dmm-mm^tiim:b>H^ LI^. 
■p-r < -t ^ fz isb -c- $) ^ o 

i!Kiz. midmuim^cD^.m^^m^^it^-^ymThjjmiA. > u > - ^ 

cD-m^im^. T >^-Tij- x's^m^f\uzmmL^pfuLrzms u > - y > 
± L fz <^.m ^ m iu-r ^ tz \ni ium ^ ^ =c - ^ . M m m f u . - y ^ 

m iz fn] IK M * *s L . [' >] IK ?^ [e] IR L . ft i^- tff f -g> = 

^ ® o (Z 1" S d h c s :t - ^ N ^ iTfl m ^ o Tl > ^ g ^ ^ fttl (Z ffj] JR -r -o 
* -c ^ ^ o 

W T $) -5 o 
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3 n - fi§ e<} (3 ffl ^ n T I > ^ ^ rr ^ e T- D . ^ q/j t- <ai « f § ^ s ^ ^ if 

ffi T- ^ § 7b- T- $) ^ o L A- L . 'fb ^ ^ rr {i n (3 pg ^ n ^ ^ i: < M (3 ^ Jf^ 
;S < . * ^ njj -c [5] j|2 t ^ ^>rr -e ^ ^ ^ g -e n .i: c^ o 

^ Ui^ :i ttm^^lzmmtti^^X 10 . :$:^BJ§{i. C ® C u ^ ^IR ^ [el HX T- 
t ^ If fffi T- S c 

* 5i£ ^ ^ © V ij 3 > — y^ © ffil/L^ Q • c m W T T- ^ :ii — :^ 
10 If ffi 1" ^ CD (3 t3 5? -(!• ^ o 

1 Q • c ml:XT (DiS.mixi^'y — ^^iztji ^ tm^(DT — Jimm'i^ti^ 
t"C'it. # < ^(i. i&i/i^ff'h:^ ( K - /"^ > h © M ^ ) 

J^-^. {J ^ ^ i:' C u ^{±[pJjRT' ^ t^j: |.^ -e o o o^D. c n S T-{gffiJ/L^ — 

y N T' ^ ^ © ^ « ^ ^ If ffi -r § « 1^ (3 E If T- o c 

15 L *^ L^^0^©:?j?S-e(i. ffifns|^t3 J; ^ f^WJi'J^ $ < . 1 0 Q • c m W ± © 

ffi © — ^^ e. 0 . 0 0 1 Q • c m ?i ^ © {g ffi J/x © -^7 :ii — S . <iS iA 

W ± © IJi 0j3 T- oi3 ^ ^cC ct o (3 . ^ ^ nj] (7) ^ fi^i £c J; i) S t3 ct D -i? - y n ffp 
A- © ^ M © In] iR 45 ± i, o ^ . 3 n S -e If fiffi ^ qj -e ^5 o ;t {g M 4? — 
20 ^^(D^mtt^MMii^'C ^ ^ X o izta tzo M^(D y U — U 7. m^f^R^M:^ ( ^ .li 
TPSlOOpptfiJ^) (D^m^ m\^^X i) . ^> U > ^ :r.- /^^iz l x l o ^ ^ 
a t oms/'cm^?iJ^-^*tiTl^n(i"^*f-(:"§^J;oi3^(; mj^ ±-t ^ . 

^tz. * ^ 1J fi 3^ &t! ^ S (3 ^ ft © ^ ^ /Jn ^ < , V U n > r^7 - 

4'i3lxl O^^^'atoms/cm^ W±©fg})iJg C u a * n T l> ti <t 
25 -e ^ S ct ^ (3^ ^; . ^gSth->a(|^*iJ^ fMl±-r -5 . 

[afg©fa^^i5feB)3 



WOftl/55716 PCT/JPO 1/00301 



;± T- ® &i T- D . ( b ) It m mmr^ ^ o 

3 (± . [oi iK ^ n 4^ (D c u ^ i: ji - (^j iz n § c u 



tm.^y ^ -m-(:$> ^ a ^tz. m2 uA^^QBizi'Umir hmmm-'^ncD-M^^f.t- 
A) ^T, ^ -9- > r ;U :n W ^ ffl.^ f -5 o 

'Aiz^ ;f. ,y ^ 7- _ 1 1 (7)±izm^](Drjp.y^m 1 2 ^EimLtznummm^^m 

m 2 izTjk-t X o fjimm^mi^fz. ^ (Dmmmm'^m i o it. ^ (D-.^jt^^m 

tim ±-r ^ fzisb. h ru - h I i t' o) mm'^ iz i 2 . $> ^ t ^ (i 

© ^ V ^ ^ 'J =7 > r> _ ^^ ^ g ^ ^ $ ^ iz itv- y y <^ — :bn^i^yr^ y y - 
V ^ }imnfj.\^ o \z — ^ ^ y -7 tzmh%\.z \^ tz . 

B ) ^ ©iJOMMJl^jFr 1 0 -9- > r;L :i: W ^^tfi] ( P Wffi) $: h (3 L T 
g^. -y- > r;i ji-yNW^[g©jS/^*^ff ,mcD?Sjg ({^'Jx.(i. 2 0 0°C) [zUh 

^ffc^ 3c7){gj^{i, 1 0 0 ~ 2 9 0 "Cafg^SiglT-'^M-mti^J ^ L Uo 10 

^(D'^m'^^^t^m 2 9 0 °C. i^.^.j!)^ 3 1 7 °CT-fe S <ft -g, c 

ta^n-izt ^m-b^n ^ L > o m'iSiizU ^ h^imt'' y. \ Akiztj: ^ ^ :l — cr^ [19 
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§o c cz) ^ tl^ T- ^) 0 JK (i m -e rfe ^ 7t)^ ^ ^^±m'zi'^-ts,m.mmt-i-^\ <mt'^ 

5 {Zl 8 0-2 2 0 °C®$Eia/{)^$?^LV>o 

$:?iTT^ o ^ ffl ± i?S ® T^T g W C W >t7 :n — {Um^O 

J: o 1^ L . -li? - ^ 0 ^ -fr S o C © TMi S (7) P^g Jim ^ f ^ c 3 ® [Kj . 
10 iia^ 1 $:^gT L/iii^. t- <• (c e ^ ^feif i: ^ © t- TJi < C W ai-^x 
2 S o 

:i ©B$l£ 0 -^it ^ '^7 — 2 li. V u >(zpgofc4,®r-{i5kv>A^ v^^^® 
4> ^ ^ T- S o 

c®J;o^z^|^^X3«J^-r-i^t?l-r^i:. cw'>ji-yA2®effi^J!)D#|it::ct-5)}'I 
5^lil®*iSJ^®fST(3ctD-9->r;i/'>:ii-yNWi:CW'^:3i — /^2®-^<;i,p^;PEg^ 
20 o T igS^iS! 1 x-^N ^® iZiA 7t)S D . ~ Sfi M ^ $ n i) o 

J^iJx ± >^ T- . -9- > ai — y^W^^^S^^ iii^^gJ 1 ^ T t T t.^ ^ 

1t > 7•;l/•>al-/^WCza«^li$ 1 4viT L C W'> 2 ^^-y:. J* ^ 

fi^^tZ L A-^. ;!]a#ftXa3^g 1 0 !ZH§g L #S L T *j J: l^o 

D) ijn^^T^s ^^^'^ V -Th - V 1 lA^?>II5'9^-y-rc-y->r;l/'i7J:--y^w.^iI;^ 

25 C W-^Jic-zN 2 D tB L s ^ S o J^^Pgt. 2 tic ® -i? ^ — /^ ^ ^ :^ 

^<i'j^^-&§o c®[}#. m.^.mi t^"^ x.~;\±mizn:.i^-^xi^^:ih-^mm-t 
® s AS /cc I ^ i: ^ e> -T s s -r ^ i> ^ , An 4" [3 3 ij' n /i D sii ^ 
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r> ^ _ ^. jjjj ipij T L d¥ ffi ^ T^cC -5 ±i r> , mf^LM 1 ^ 2 m ( r-J 3 0 m g ) , 
2 0 0 "C !i e ^ J -5 (7) ^ 5? ^ L -3 o 
^ *5 . f> © iG- ^ i:: ii h ^^}- i± f 5 c f^y .t it . ^ ® p« ^ Sf^ g5 i ;()^ ft t 

u ^ ^ s 7t)2 ^ n ^^dt I ^ J; ^ [I }± .m -r § . 

S . #J ^ L /; ?^ . 'M^i^ 1 V- >y Jl ^ — ^ \ }Ji_ Xf C \M O — / ^ 2 <D m tj 
^ L T t ^ ^ o ^ CD ft f f © fij f ? Ct E L tz *S . ii (J 1 : 1 (D p] 1^ T- ft L T 
I ^ o i« o T . i:- - I? fiili t- ti (i' 1 ^ c. it ^ +ff (c ^ ^ r 7U O jl 

-^\V^(D?i-^mmL1z. nL. C W -i; in - y^ 2 {nij ^ ^ iJ- X fiS 1- n (i\ nWi<b 
m^. . J^'y-J^f^ )! fs^ ± -r- ^ . ^ (I *i ]^ < T ^ o 

E ) <^ -It > r ;^ - AN w CD ?g 1 AS 1^ II ^ ^ , ^ ^ ^ ^ ^ ^ ^ - 
m T- 4^ m f ^ o ifeM M L ii Sfi fig ^ ^ CD ^ $ IE IK L- . rr T- ^ ti a' S L !. ^ 

^ 43 tB L /i . ft^fnMa^Ls 'i^ Jz-/^a[^^±^z^JS:^ftS'$-y-. ctL^5,'ij 
cDvg?^t^Mi,>xmPJ L./i:^*5SgfS!f::f5]]RX ^ /io CCD^JfflMJSfi. T > ^ ^ T * 

A^'Aofc^ti±(3it> r>:Il-y^w©^^|^^^l^® 1 ft u t i ^ as 4 [^j ^ -y- 5 

^ ^ > - ^ A ;)fe ^rfe ^ n 4" fti $ n § o ^(Dt\^m\t. ?c ^ l # ^ cd 0 ik ^ t^^: 
o ;t (!* (z A n T I ^ § o 

F ) 43 fn ^ A^ ^ o . H F m J: D •> - y ^ 3^ ffij (D ft AM M 

^^ ± X -r o s < ^ -r . ^ ffl ft L /i ^ 0 jft L o < 7^ ^ &^ 

ct a '"j; '> — ^^ X * n ^ ^te S 'i:> g (i ^£ i. ^ o 

^ 7?)^ L [5] iR 1- ?, o [H]iR?lS!is 7 'y i$/i®igfb7k.^7k. 15 /ii gg ft ^ zk . 

3E7J<^^ffll^^^J:l^o lH]iR?^i;LXl%HF+15%H20, 

mm^zn m lx\^ ^^m^ ^^i^ c u (i^i^j s o ~ 9 o %®t!i^x m jr 

■r ^ -f X g ^ o 
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^^m^Zi^l^^r it. -^7 [Steffi ®Sfi?iT>^^'!7 A AMtig L 

5 tA^tv :i^ — ^^^mx (Dmiumt^m^rz t Lx i) . iiea^l^cJ;^^^•;^^l^ 

^ © 0 JR ^- Ann] ± L T V N S ( 7 5 % ffi [5] IK ^ *5 ^ ^i, ) fc to . t^^ 3^ ® If ffi ^ 
(I J:b tl . .^f*: L T V U > y \- ;b ^ 4^ ® [5] ]R ^ (i A # < D . « ^ ^ 

;g®fgT{i@;O^J^ ^ ® i; T^cC o T v> ^ o L ;?)^ L M S L < (i . ?pfi^T>^- 
10 A®i$^^S(t-r. C(7)e|5gcD[pIiM4i^jfR]±-r^ i d ?&:l«]iRr^^f^ffl-r ^ #;65 
iff ^ L V ^ o 

CP-MS -e^tf-ri.o 
^hm%^z^\)v^ ^[z^^tix^.^^ cum^cDm^Aim^ [zmt xotj.m\^\z:h 

20 o 

pptcDCu^^ili^tintS. ■9->r;i/'^:n — y\c|3{z{±l x 1 0 ' ^at oms 

[5] t3 . ^$ i£ -e Jan ^ L ^ ® n ^ r^i 3 iz -r . 
25 zcommmit. m.\fimo . oosq • c mu^^cD"^ > y )vxmmi.rz^ cdx ^ 

§ o T - — )imm\i. ( El 3 ct" CD B ) 6 5 0 °C T' 51 L H F 0 [n] JK T- [n] IR L 

M ^ ^> rr L T^c ® . 1 ^ ( m 3 O C ) 1 . 1 2 5 m 1 £7) }g it oi - 
^ ® § 0 . 1 ^ U m :^ -J ^ > ^' L tzmx^^ 6^ ^ I. tz ^ (D . 7. -J r :z. ':j ^ y 
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^tarmmii i o o pp t ^mx- $) ^ ox . m s n -t x o ^ urn ^ t 
it^thx ^ ^ . w m m CD m tUT mit . a a s ^ m^^tzm^x . i >. i o ^ ' a 

toms/cm2|l^T$)D. ICP-MS^ffll^fcii^-e. Ixio^ato 
ms/cm^ligT-*^o t*^L. ZcD^^HiTHili. AAS-^I CP-MS 

(f ^ c ^ xn 

o m s / c m ^ IM ^ . 1 ^ ;^ ^ r ^ 5^ > ^- v£ T 1 x l 0 ^ ^ a t o m s 
/ c m 2 H^-e $) <9 . ^ C u ^If tB^ i, {- (i>(^-h ^X'fe -5 . *^fi;3(D|f 
ffi i£ -e (i . i^Jg ;?)^ lol ± L T I ^ ^ ^ to yf}^ o 

tati. AAS-^I CP-MS (::o^^T4>. ^P^^-i'pd->7!)^ff:a-r^i:1^diS^J^*^- 
iSTt-i)i:Bt3ti-tV>-g)o AAScDJl-^(i^:t'i7;?)SCu(;ifri^{5g:tznsiK;;^-^/7 

h;i/^f^o/rA^T-$)^o ^fc. ICP-MS{3ot^r^i. ^2giCQi6Qj^ 

^ ^ S ^ 2 S ® ^ ^ ;^ ^. ^2 6 3 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ _j ^^^^ ^ ^ 

rz)t>X^^^ L*^L^^©IS^. i^#fM*4 ([1111X7^5) 4i©?cili5gaS*Mvol% 
W T ^ pig ^ E t N T J5 ^ ^ i$ ^ (i fd: o „ f^J ^ . * ^ © J; -9 

^^iSivi (somgii^) m^'^mm^'iitsi'^ tzMi^ . ^^mts^m^Wi^^i . 4 

^t^^A^ 1 0 fg#f? ^^Tl^. A A S I C P - M S CD5>W^^(C AMt i, --rJ*'^? 
* T- # ^ o 

> - y N c^: i3 t3 t!)^ (Z III L T I ^ # S M ife ^ I ^ 4^ d; < M aj 1- S . 

'p fj: < -t ^ ^ ^ tz -b^ ^zum^^ (D ^ ^ mwAz -b- ^ -bK 'T^mm&RTi m 
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^rz:^mmiiiX'its — (d it m iz x -r . m ^ p m . nmtj: t'(D '^m^. 

^fz^ 3 ^ ^ (CZa^) ^7D-7^^'>^'V — (FZii) ^®S^ 



i-:; T J3 ^ ® H j^ij ^ 1- o 
(HM^ll 1 ) 

m^^^ titzmm 1 5 0 mm. pmO . OOSQ-cm. ^$625//m)<^10 

^mmLtzo 

;i/ tt' (3 C u *5 iij - {; i!t -r § J: o {I ^ S L o 3 © b$ cd Sft .t. r5 ^ S s 3 . 2 
15 xlO^^'atoms/cm^-t^o^Cc 

2^^Hi3o§¥ffi^Hi^3 ct i>-!¥ffi^{1^{i WTO J; o t;^M L 
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